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Abstract
Background: The incidence of opioid-related overdose deaths has been rising for 30 years and has been
further exacerbated amidst the COVID-19 pandemic. Naloxone can reverse opioid overdose, lower death
rates, and enable a transition to medication for opioid use disorder. Though current formulations for
community use of naloxone have been shown to be safe and effective public health interventions, they
rely on bystander presence. We sought to understand the preferences and minimum necessary conditions
for wearing a device capable of sensing and reversing opioid overdose among people who regularly use
opioids.

Methods: We conducted a combined cross-sectional survey and semi-structured interview at a respite
center, shelter, and syringe exchange drop-in program in Philadelphia, Pennsylvania, USA during the
COVID-19 pandemic in August and September 2020. The primary aim was to explore the proportion of
participants who would use a wearable device to detect and reverse overdose. Preferences regarding
designs and functionalities were collected via a questionnaire with items having Likert-based response
options and a semi-structured interview intended to elicit feedback on prototype designs. Independent
variables included demographics, opioid use habits, and previous experience with overdose.

Results: A total of 97 adults with an opioid-use history of at least 3 months were interviewed. A majority
of survey participants (76%) reported a willingness to use a device capable of detecting an overdose and
automatically administering a reversal agent upon initial survey. When re�ecting on the prototype, most
respondents (75.5%) reported that they would wear the device always or most of the time. Respondents
indicated discreetness and comfort as important factors that increased their chance of uptake.
Respondents suggested that people experiencing homelessness and those with low tolerance for opioids
would be in greatest need of the device.

Conclusions: The majority of people sampled with a history of opioid use in an urban setting were
interested in having access to a device capable of detecting and reversing an opioid overdose.
Participants emphasized privacy and comfort as the most important factors in�uencing their willingness
to use such a device.

Trial Registration: NCT04530591

Background
The United States has recorded unprecedented increases in drug overdose mortality over the past 30
years, especially related to the class of opioids that includes prescription analgesics (e.g. oxycodone),
heroin, and fentanyl.1 According to the Centers for Disease Control and Prevention (CDC), 47,600 people
died of an opioid overdose in the United States in 2017 alone, representing over two thirds of all drug
overdose deaths.2 Rates of fatal overdose due to synthetic opioids have risen 10% between 2017 and
2018 in the United States, possibly owing in part to increased contamination of opioid supplies with
fentanyl, a drug that is 30 to 50 times more powerful than heroin.2,3 The CDC reports that the number of
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overdose deaths attributable to fentanyl increased by over 1100% between 2013, when the increase
began, and 2016.4 The rising rates of overdose have become particularly pronounced over the course of
the COVID-19 pandemic, as rates of relapsing opioid use disorder (OUD) soar.5 Non-fatal overdoses also
cause signi�cant physiological complications, including brain hypoxia, and have been correlated with
decreased cognitive performance, increased depressive symptoms, and increased suicidal ideation.6

Those who experience a non-fatal overdose are at greater risk of experiencing a subsequent overdose,
both fatal and non-fatal. Harm reduction efforts to mitigate the long-term effects of opioid overdose are
essential, with estimates of overdose rates – including both fatal and non-fatal – among people who
inject drugs as high as one in �ve each year.7

Opioid overdoses cause morbidity and mortality by depressing an individual’s respiratory drive, leading to
hypoxemia and eventually death. The current standard of care for severe opioid overdose is
administering naloxone, an opioid-receptor antagonist that counteracts opioid-induced respiratory
depression.8 Naloxone is FDA-approved for intranasal, intramuscular, intravenous, and subcutaneous
delivery and can reliably reverse opioid overdoses within minutes. In states most affected by the opioid
epidemic, initiatives to reduce opioid overdose mortality have focused on promoting judicious opioid
prescribing practices and the widespread distribution of lay and �rst-responder naloxone kits. Prior work
suggests programs for community-delivered naloxone are safe public health measures that have the
potential to reduce rates of fatal overdoses.9

However, one major limitation of existing naloxone distribution efforts is that the successful reversal of
an opioid overdose currently requires identi�cation and reversal by another person. One study found that
51.8% of fatal overdoses were not witnessed by another individual, while 27.4% of fatal overdoses were
witnessed by a bystander who failed to recognize the symptoms of opioid overdose.10 Even when an
overdose is detected, �rst responders may not arrive until it is too late, especially in rural areas.11

Surprisingly, there is no current means to address opioid overdoses in cases where people use alone.12,13

Reliable methods of detecting severe opioid overdoses in community settings could address these
challenges. Alternative device-based strategies to eliminate the need for bystander intervention are being
actively studied but user acceptability of such solutions remains an open question.14

There is a lack of data to understand user perception and need for naloxone options that do not require
bystander intervention. In this study, we investigated the preferences of individuals who use opioids
regarding a wearable device capable of detecting and reversing overdose without bystander intervention.
We hypothesized that demand for such a device would be strong, especially among those with previous
overdose experiences. By enhancing our understanding of user preferences for a wearable overdose-
detection and reversal device, we hope to highlight the need to address the risks to people who use alone
and amplify the impact of community-based naloxone programming.

Methods
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We used a cross-sectional survey (n = 97) in combination with a semi-structured interview (n = 95) to
evaluate the preferred methods for automated opioid overdose detection and reversal agent delivery
among people who use opioids in the Kensington neighborhood of Philadelphia, PA, USA. Philadelphia is
home to a particularly vulnerable population, where 75–80% of fatal opioid overdoses occur alone in the
home and opioid-related EMS responses since the March 2020 COVID-19 related stay-at-home mandates
have been rapidly increasing.15 Kensington is recognized as one of the epicenters of the opioid crisis
nationally, with over 1,000 overdose deaths in both 2017 and 2018.16

Survey
A 50-item questionnaire was administered to assess the acceptability of various overdose detection
methods in isolation (“sensing-only” devices) and various functional devices in comparison to sensing-
only devices. Questions regarding opioid use history, including frequency of use, time of use, and effect
of use on behaviors and socialization, were asked in a manner paralleling the structure of the 1984
American Drug and Alcohol Survey.17 Participants were also asked questions regarding past experience
with opioid overdose; those participants who reported having experienced an overdose were asked
additional questions about frequency of overdose, bystander intervention, and need for post-overdose
medical care. A 5-point Likert scale was used to quantify preferences for various sensing-only devices
(nasal cannula, wrist bracelet, skin patch, ankle strap, etc.) and other functional devices, such as a device
that alerts bystanders to an overdose event, a device that straps naloxone to the body for bystander
administration, and a device that administers naloxone upon overdose detection, among others. In
addition, demographic data including age, race and ethnicity, sex, employment status, and household
income were collected from all participants. The questionnaire was administered verbally by a study
coordinator or in written form, depending on participant preference. The survey is fully detailed in
Appendix 1.

Semi-Structured Interviews
To speci�cally understand the acceptability of a device that senses opioid overdose and injects naloxone
in response, we conducted semi-structured interviews with study participants. The deltoid and quadriceps
muscles are commonly recognized as two potential sites for intramuscular emergency naloxone
injection18; as such, the interviews were focused on user preferences and usage behaviors for a device
that would be strapped super�cially to the thigh or shoulder. Participants were asked questions regarding
comfortability, size preference, propensity for misplacement, and the importance of various aspects of
the device’s appearance. We supplemented the interview with non-functional prototypes of varying size to
give the participants a tactile experience of how the device may eventually function. The questions from
the semi-structured interview are detailed in Appendix 2 and the prototypes are illustrated in
Supplementary Fig. 1.

Study Participants
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Participants were enrolled in August and September 2020 at three Prevention Point Philadelphia (PPP;
Philadelphia, Pennsylvania, USA) program sites – a respite center, a homeless shelter, and a harm
reduction drop-in center. At the drop-in center, participants were recruited at the time of syringe exchange
events. Inclusion criteria included age of 21 years or older, ability to provide informed consent and one of
the following: (1) self-reported opioid use history of 3-months or longer, (2) a recent or upcoming surgery
where opioids were or will be administered, or (3) moderate to severe chronic pain treated with
prescription or illicit use of opioids. Those who self-reported pregnancy upon screening for study
participation were excluded due to IRB concerns. Participants were compensated $10 for completion of
the survey only and $15 for completion of the survey and the semi-structured interview via preloaded
debit cards. The survey was administered after enrollment and the semi-structured interview followed
immediately afterwards. All participants were offered participation in both the survey and semi-structured
interview portions of the study.

Analysis
The primary outcome of interest was the proportion of respondents indicating likelihood to wear devices
with different proposed functionalities and sensors at different proposed locations. To capture and
present likelihood that proposed devices would be worn, quantitative responses on Likert scales from 1
(very unlikely) to 5 (very likely) were grouped into the binary categories “likely” (4 or 5) and “unlikely” (1, 2,
or 3). We considered the likelihood of using each proposed device and compared these for both device
functionality and sensing location.

The primary focus of the semi-structured interview was feedback to inform design constraints of a non-
functional prototype device with the speci�c proposed functionality of accurate overdose detection and
reversal. Quantitative survey questions on Likert scales were combined with open-ended feedback
questions. All quantitative responses were grouped into binary categories and interpreted qualitatively.
Elicited free-response feedback was grouped thematically, reported and discussed as deemed pertinent to
design constraints. Data were integrated qualitatively, as both Likert scale categorical data and open-
ended responses were considered within the identi�ed themes.

Results

Study Participants
Patient inclusion and exclusion are demonstrated in Fig. 1. 99 patients enrolled in the analysis and
completed both the survey and interview components of the study. Two participants were sampled twice
and their second surveys and interviews were discarded. Participant demographic information is
described in Table 1. The study sample was mostly white (47%) and majority male (59%). Participants
reported a median duration of opioid use of 12 years (IQR: 8–20 years), with 71% of participants
reporting one or more lifetime overdoses. Among those who had previously overdosed, the median
estimated number of overdoses was 3 (IQR: 2–7). A slim majority of participants (55%) reported a high
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likelihood (4 or 5 on a 5-point Likert scale) of being in a location where a bystander would be likely to
administer naloxone in the event of an overdose.
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Table 1
Demographic characteristics and opioid use history of study participants

Demographic Table

Age [Median (IQR)] 41 (37–49)

Male 57 (58.8%)

Race  

White/Non-Hispanic 46 (47.4%)

Black/Non-Hispanic 24 (24.7%)

Black/Hispanic 6 (6.2%)

Other/Hispanic 17 (17.5%)

Other/non-Hispanic 3 (3.1%)

Native American 1 (1.0%)

Housing Status  

Homeless 31 (32.0%)

House 7 (7.2%)

Apartment 8 (8.2%)

Shelter 36 (37.1%)

Unknown 15 (15.5%)

Opioid Use History  

Started After Injury/Surgery 46 (47.4%)

Average Length of Use (Years) [Median (IQR)] 12 (8–20)

# of Days/Week of Use  

Unknown 1 (1.0%)

1 0 (0.0%)

2–3 9 (9.3%)

4–6 7 (7.2%)

7 80 (82.5%)

# of Times/Day of Use  

Unknown 2 (2.1%)

1 1 (1.0%)
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Demographic Table

2–3 21 (21.6%)

4–6 46 (47.4%)

7+ 27 (27.8%)

Been to an Inpatient Rehab 79 (81.4%)

Used MOUD 84 (86.6%)

High Likelihood of Bystander Intervention with Naloxone (4/5) 53 (54.6%)

Overdose History  

Friends/Family Have Overdosed 77 (79.4%)

Friends/Family Have Overdose Complications 56 (57.7%)

Friends/Family Have Died from Overdose 75 (77.3%)

# of Overdoses [Median (IQR)] 3 (2–7)

Has Overdosed Personally 69 (71.1%)

 

Survey
Table 2 describes the main �ndings of willingness to use device solutions to detect and/or respond to a
wearer’s overdose. In one question embedded in opioid use and overdose history, 76% of respondents
indicated it is either likely (4) or very likely (5) that they would be willing to use a device with the
functionality to detect if they have overdosed and deliver medication to reverse the overdose.
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Table 2
Willingness to use various device interventions for opioid use harm reduction among study participants
Question Likely

(%)
Unlikely
(%)

N
total

Would you be willing to use a device that would help detect if you are
suffering an opioid overdose and be able to give you a dose of a
medication to treat the overdose

69
(76%)

22
(24%)

91

While you are taking opioids,

how likely would you be to wear each device?

A device that senses opioid overdose 70
(73%)

26
(27%)

96

A device that indicates the wearer is at risk of opioid overdose, like a
medical ID

66
(69%)

29
(31%)

95

A device that straps naloxone to the body for a bystander to administer 52
(54%)

44
(46%)

96

A device that senses opioid overdose and administers naloxone, if
needed

64
(67%)

32
(33%)

96

A device that alerts medical �rst responders that you have overdosed 68
(71%)

28
(29%)

96

A device that alerts bystander you may have overdosed 60
(63%)

35
(37%)

95

A device that monitors your vital signs 73
(77%)

22
(23%)

95

For a wearable device to

sense opioid overdose, how likely would you be to wear each device?

A necklace 48
(51%)

46
(49%)

94

A canula (e.g. small tube under your nose) 12
(13%)

84
(88%)

96

Skin-patch on chest 42
(44%)

54
(56%)

96

Skin-patch on upper arm 53
(55%)

43
(45%)

96

Watch-appearing bracelet 72
(77%)

22
(23%)

94

Wrist bracelet 69
(73%)

26
(27%)

95
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Question Likely
(%)

Unlikely
(%)

N
total

Shoulder strap 21
(41%)

30
(59%)

51

Thigh strap 15
(31%)

33
(69%)

48

Chest strap 22
(23%)

72
(77%)

94

Glasses 24
(26%)

70
(74%)

94

Knee Brace 16
(33%)

32
(67%)

48

Ankle strap 44
(46%)

52
(54%)

96

 

In a section with a variety of proposed device-based solutions to limit the morbidity and mortality of
overdose, a majority of survey participants responded that they were either likely or very likely to wear
every proposed device. Reliance on bystander interventions was the least preferred of the device methods,
with 54% responding they would likely wear a device that straps naloxone to their body for a bystander to
administer, and 63% responding they would be likely to wear a device that senses opioid overdose and
alerts a bystander. Solutions with purely monitoring functionality were the most preferred, with 77%
responding likely to wear a device that monitors vital signs, and 73% responding that they were likely to
wear a device that senses opioid overdose. Reliance on trained medical intervention received intermediate
responses, with 71% responding that they were likely to use a device that alerts medical �rst responders
of an opioid overdose and 69% responding that they were likely to wear a device that indicates the wearer
is at risk of overdose (like a medical ID). Finally, 67% of respondents indicated it is likely they would wear
a device that senses an overdose and administers naloxone if needed.

Responses varied signi�cantly between questions asking preferred location to wear a sensor. A watch-
appearing bracelet (77%) and a wrist-like bracelet (73%) had the highest proportion likely to wear. A
necklace (51%) and a skin patch on the upper arm (55%) were the only other locations that more than
50% of respondents indicated they were likely to wear an overdose-sensing device.

Interview
Data regarding preferences for shoulder or thigh location for a device to automatically sense and reverse
opioid overdose are separately presented in Supplementary Table 1. Themes that were identi�ed in the
open-ended responses to questions regarding the appearance of the device (“What factors are most
important to the device’s appearance?”) are as follows:
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Discreetness. A large portion of participants highlighted the extent to which the device could be discreet
as highly in�uential upon their likelihood of using it. This is related to two factors: (1) size of the device,
as 89% of participants stated a preference for the smallest of the non-functional prototypes, and (2)
concealment, with many participants describing blending with clothing and skin tone and having the
appearance of a consumer “smart” device as preferred features.

Comfort. Participants expressed the importance of the device being comfortable. One participant relayed
the desire for a “soft, bendable” contact surface that would not cause discomfort during sleep if worn
overnight. Others were discomforted by the texture of the box component and the straps of the non-
functional prototypes.

Indifference. A number of participants reported that if the device had the potential to reverse an otherwise
fatal overdose, there is no aspect of the device’s appearance that would dissuade them from wearing it,
citing the life-saving functionality of the proposed device.

Additional themes that were identi�ed in the open-ended responses to questions regarding targeted
distribution of the device (“Who needs this device the most? How should we get it to them?”) are as
follows:

Everyone. More than any speci�c sub-population, participants expressed a need for a device to
automatically sense and reverse opioid overdose for anyone with an ongoing opioid addiction. One
participant said such devices should be “hand[ed] out like Narcan”. Another participant cited the danger
of overdosing on a drug supply of unknown potency as a reason why the device would be widely useful:
“You can overdose from 10 bags [of heroin] or 1 bag, you never know."

People who are homeless. A number of participants highlighted people who are experiencing
homelessness and use opioids as particularly vulnerable to overdose.

People with low tolerance for opioids. Participants identi�ed a number of populations at increased risk of
overdose due to diminished tolerance and thus in greater need for the proposed device. These included
people who had recently been released from jail or prison, people who had recently returned to use, and
people coming to the Kensington-area from the surrounding tri-state area in order to use drugs, thus being
unaccustomed to the potency of the local drug supply.

In open-ended conversations regarding the device concept, both overall positive and negative sentiments
were present. Numerous participants were excited by the life-saving potential of the device and were
con�dent such technology would keep them safer. Negative sentiments expressed by participants
included aversion towards the possibility of “losing a high” after a false positive leads to reversal agent
injection when overdose has not occurred, and inability to distinguish opioid overdose from non-opioid
overdose leading to an ineffective reversal attempt. Some participants were also concerned of law
enforcement misinterpretation of the device as a stash of drugs underneath clothing or a GPS monitoring
device. Finally, some participants worried that a con�guration of the device that alerted bystanders to an
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overdose would leave the person overdosing vulnerable to physical harm or robbery at the hands of ill-
intentioned bystanders. A minority of participants believed that the device would be misplaced or stolen.

Discussion
Our study revealed that people with a history of opioid use indicated broad support for a variety of
devices with harm reducing capabilities. The broadest support was shown for devices with the least
speci�c interventional functionality, such as those that monitor vital signs, sense opioid overdose, call
medical authorities, and/or act as a medical ID indicating the wearer is at risk of overdose. Additionally,
participants maintained interest in a device that could itself sense an opioid overdose and administer
naloxone to reverse the overdose. In contrast, devices relying on bystander intervention were the least
supported solutions, despite the fact that the only currently available response to opioid overdose relies
on others in the immediate vicinity. The results suggest that people with a history of opioid use show a
strong desire and willingness to use device-based harm reduction solutions that limit morbidity and
mortality of overdose as well as reduce the need for bystander intervention.

While willingness to use a device that could sense and reverse opioid overdose was strong, form factor
was an important consideration. Con�gurations such as a cannula and glasses were strongly disfavored
while con�gurations such as a watch-appearing bracelet were highly favored. A minority of our sample
population found a device like this likely to be stolen or lost, citing the device’s ‘street value’– that is, the
perceived cost to end-users – as the most important factor that would determine whether it would be
stolen. Similarly by free response, device obscurity was deemed an essential aspect to users; any device
deemed too conspicuous was unacceptable. Concerns over privacy was further highlighted by many
participants’ fear of suspicion from law enforcement regarding a device placed underneath clothing being
mistaken for contraband. The negative attitudes expressed towards police, likely born out of personal
experiences of the participants, is noteworthy given the positive role police o�cers can play in promoting
naloxone availability and treatment referral for opioid-using populations.19,20 In addition, many
participants also expressed comfort as another driving consideration. We believe addressing the
identi�ed user preferences will be crucial to the adoption of such a device amongst this population.

Collectively, the study supports the overall concept that people with OUD are willing to use a device that
both senses and reverses opioid overdose. Such a device would address unmet needs for harm reduction
by mitigating the long-term effects of opioid overdose and preventing fatal overdose, particularly among
those who use alone.10–13 While participants overwhelmingly identi�ed a need for such a device among
“anyone who uses opioids,” certain subgroups were identi�ed as having greater need, such as people who
are experiencing homelessness or those with low tolerance after periods of abstinence (e.g. return to use
after leaving rehabilitation centers, medication assisted treatment, prison, or jail). However, this �nding
was inconsistent with a previous quantitative study that indicated that homelessness was negatively
associated with willingness to wear a device to detect opioid overdose and alert bystanders.21 We
suspect the discrepancy may relate to our observation that some participants were distrustful of
bystanders who may take advantage of their unconscious state during overdose, and thus preferred a
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closed-loop system. Populations experiencing homelessness and other high-need populations represent
logical �rst bene�ciaries of future distribution strategies. As fentanyl and other powerful synthetic opioids
continue to spread through our communities, the need for a device that can quickly detect and respond to
an opioid overdose will become even greater.

Efforts to distribute current overdose reversal options – including generic naloxone intramuscular
injection, an auto-injectable intramuscular naloxone in the form of Evzio®, and intranasal naloxone in the
form of Narcan® – have been remarkably successful.22,23 Reliable methods to detect opioid overdoses
and expand bystander intervention as well as strategies to address the high proportion of fatal overdose
among people who use alone remain an open question. Technical feasibility remains a signi�cant
concern, as the development of algorithmic approaches to reliably detect opioid overdoses, by monitoring
blood oxygenation and motion activity for example, is a complicated task that must consider numerous
possible sources of physiologic noise. Mechanisms for delivery of small-volume drug solutions, such as
naloxone, through wearable devices must also be further explored. This study data can be used to guide
solutions to the identi�ed technical challenges, with particular attention to the importance of a discreet
device.

There were limitations to our study. Our sample represents a population of people using opioids in an
urban setting with one of the most extensive naloxone distribution efforts in the United States, with
hundreds of thousands of Narcan kits distributed in the past few years.24 This may have in�uenced the
perception our study sample had of the need for the devices we proposed and limit generalizability of our
�ndings. Additionally, the vast majority of our respondents were either experiencing housing insecurity
while the majority of fatal overdoses in Philadelphia occur amongst individuals in their own homes.15

Furthermore, while the data were collected during the COVID-19 pandemic as overdoses rose rapidly
among changing demographic groups, the potential effects of the pandemic on attitudes towards new
overdose reversal interventions and propensity for high-risk drug use behaviors were not captured in the
scope of our questions. 5,15,25 Unaccounted recent stressors, such as the need for social distancing
considerations and mental wellness strain due to the COVID-19 pandemic may increase the rate of
solitary opioid use, as well as increase the rates of return to use from settings providing Medication for
Opioid Use Disorder (MOUD).5,15,25 Future directions include surveys of populations that more broadly
represents those at highest risk of overdose as well as deeper exploration of form factor expectations.

Conclusions
People with a history of opioid use show a desire and willingness to use device-based harm reduction
solutions but are skeptical of bystander involvement. Support for a device with the capabilities to sense
and reverse an opioid overdose was robust, although form factor was noted as an essential
consideration.
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Figure 1

Consort Diagram of Inclusion and Exclusion Criteria
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